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A l l  o f  t h e  s t ruc tu res  const ructed i n  space have been au tomat i ca l l y  
deployed by  i n f l a t i o n  (Echo), s t r a i n  re lease (Astromast) ,  o r  b y  r e l a t i v e l y  
s imp1 e mechani sms (STEMS, TEES , sc isso rs  dev i  ces , etc .  ) . I n  o rder  t o  
e s t a b l i s h  l a r g e r  and more e f f i c i e n t  s t ruc tu res  i n  space, d i f f e r e n t  techniques 
are  requi red.  For  example, many f u t u r e  s t r u c t u r e s  w i l l  be composed o f  l a r g e  
t russes  t h a t  must be formed i n  space e i t h e r  by  deployment w i t h  complex 
mechanisms, assembly b y  man and/or machine, f a b r i c a t i o n  by  machine, o r  some 
combinat ion o f  these. I n  order  t o  make these advanced techniques a v a i l a b l e  t o  
f u t u r e  missions, research i s  needed on gener ic  approaches f o r  space 
cons t ruc t ion .  
Under c o n t r a c t  t o  NASA, As t ro  Aerospace Corpora t ion  (As t ro )  i s  h e l p i n g  t o  
develop t h e  technology base f o r  l a r g e  s t ruc tu res .  This  paper i s  one o f  a 
number t h a t  are be ing  used t o  r e p o r t  on t h e  var ious  tasks associated wi th  the  
research. This  p a r t i c u l a r  note deals w i t h  t h e  s t r u c t u r a l  behavior du r ing  and 
a f t e r  deployment o f  a NASA LaRC-generated concept termed t h e  "BAT Beam." A lso 
inc luded i s  t h e  conceptual design o f  a s u i t a b l e  deployer f o r  t h e  BAT Beam. 
I n  numerous places i n  t h i s  paper, examples are  g iven t o  c l a r i f y  t h e  
r e s u l t s  o f  analyses. These examples are  f o r  a s p e c i f i c  BAT Beam which i s  
descr ibed i n  Table 1. 
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SECTION 2 
BAT BEAM STRUCTURAL ANALYSIS 
The BAT (Batten-Augnented T r iangu la r )  Beam i s  shown i n  F igu re  1. The 
lengths and proper t ies  o f  the  var ious members cause pre loads i n  the  deployed 
s t r u c t u r e  so t h a t  t h e  diagonals are i n  tens ion ,  t h e  ba t tens  are  buckled i n  
compression, and the  longerons are i n  compression a t  l e s s  than t h e i r  buck l i ng  
load. These lengths and p r o p e r t i e s  are presented i n  Table 1. 
, The nominal behavior o f  t h e  deployed BAT Beam i s  analyzed i n  t h e  
remainder o f  t h i s  sec t ion .  
2.1 PRELOAD DISTRIBUTION 
The pre load d i s t r i b u t i o n  i n  the  BAT Beam i s  determined as fo l l ows .  A t  a 
gener ic P o i n t  A i n  t h e  beam (see F igu re  l ) ,  t h e  buck led ba t tens  e x e r t  a f o r c e  
PB independent o f  t h e  degree o f  bowing o f  t h e  bat tens.  The tens ioned 
d iagonals  have tens ion  Tdn t o  t h e  l e f t  and Tdn+l t o  t h e  r i g h t .  Longeron 
compressions are Pgn t o  t h e  l e f t  and Pgn+l t o  t h e  r i g h t .  Note tha t ,  
throughout  t h i s  paper, t h e  convent ion i s  used i n  which t h e  p o s i t i v e  values o f  
P denote compression i n  t h e  longerons and bat tens and p o s i t i v e  values o f  T 
denote tens ion  i n  t h e  diagonals. 
The sum o f  t he  loads i n  the  x d i r e c t i o n  i s  
o r  
d d cosf3 n n+ 1 
The sun o f  t he  loads i n  the  z d i r e c t i o n  i s  
CF~ = -2Td s i n  B + P& + Z T ~  s i n  13 - Pi = o  




























o r  
Equations (1)  and (2)  a r e  so lvable b y  r e c u r s i o n  s t a r t i n g  a t  e i t h e r  end o f  
t h e  beam. Consider t h e  l e f t  end f o r  which n = 0. Fo r  zero e x t e r n a l  loading,  
Po and To are zero. Thus, 
- 'B end 
Td, - COsB 
l. 
and 
'Ill = 2Tdl 
Note t h a t  t h e  end 
t h a t  f o r  t h e  i n t e r  
l e f t  end are, from 
i n  B = 2PB end t a n  B 
bat tens a re  allowed t o  have a d i f f e r e n t  buck1 
o r  battens. The member loadings i n  t h e  second 
Eq. (11, 
- 'B - 'B end 
Td2 cos B 
and, from Eq. (Z), 
I n  t h e  t h i r d  bay, 
- 'B end 
Tdg - 
and 




f rom t h e  
I t  i s  seen tha t ,  for P B  end = PB (end battens have the same properties as 
the o thers ) ,  every other bay i s  to t a l ly  unloaded. I n  order t h a t  the bays be 
uniformly loaded, the end battens must have h a l f  the Euler buckling load of 
the others, 
= ; P B  '6 end 
Then the diagonal tension i n  a l l  bays is 
- p B  
Td - 2 cos f3 
and the longeron compression i n  a l l  bays i s  
PB tan 0 
For the BAT Beam geometry, B = 45 degrees. T h u s ,  
and 
The effects  of inaccuracies i n  member lengths on load dis t r ibut ion are 
complex and require computer analysis u s i n g  the f i n i  te-el  ement approach. 
Experiments have shown tha t :  
1. Increasing diagonal tension by application o f  external load i n  one 
bay of a similar structure (continuous-longeron Astromast) causes a 
decrease i n  diagonal tension i n  the two adjacent bays and 
a l t e r n a t i n g  increase/decrease i n  succeeding bays. This effect  dies 
out i n  about f ive  bays e i ther  because of geometrical constraints or 









































2.  Inward deflection of a s ingle  batten frame causes alternate 
outward/inward def 1 ecti  ons of succeeding batten frames i n  b o t h  
directions. T h i s  deflection is  accomplished w i t h  an applied load 
much less  t h a n  the batten buckling load .  
2.2 EFFECT OF PURE BENDING llOMENT 
In Figure 2a,  a pure bending moment M = 3/4 DF is  applied t o  the beam t i p  
by load F a t  P o i n t  l a  and loads -F/2 a t  Points l b  and IC. Because of symnetry 
of the loads  and the structure,  t h e  internal loads are symmetrical about the 
x-z plane. A t  P o i n t  l a ,  
c F x  = 2Tla2b  cosg cos 30' - 2PB end COS 30' = 0 




tanp - F - - "B end 
5 
- 'B end 
T l b 2 a  = Tlb2c - T z - F  
and 
F tan B + - ' l b2b  - 2 p B  end 
For 'B end = 1 / 2  PB and B = 45 degrees, the diagonal 
Diagonal forces are theref ore unaffected by end moment. 
compression i s  
and the lower longeron compressions are 
- F - 
- P B + 7  ' lb2b  - ' l C 2 C  












tension force is  
The upper 1 ongeron 
as seen by Eq. ( 2 ) ,  
I 
so t h a t  a l l  the upper longeron cunpression loads  are reduced by F ,  and a l l  the 
lower 1 ongeron compression 1 oads are increased by F / 2 .  Structural bendi ng 
resul ts  because o f  elongation of the upper longeron 




and o f  the lower longerons 
F 















B '  
These equations apply  o n l y  if a l l  longerons are i n  compression. For F > P 
t h e  irpper longeron i s  i n  tens ion,  and i t s  l e n g t h  can increase because t h e  
j o i n t s  open up. I f  t he re  are no spr ings i n  t h e  j o i n t s ,  then they w i l l  open 
a b r u p t l y  t o  l i n e  up t h e  hinge pins as shown i n  F igu re  2b. The a d d i t i o n a l  
ex tens ion  i s  
Act = 2 J; + (2Sf - R 
For example, f o r  R = 78.74 inches and s = 0.25 inch, 
Act = 0.00635 i n c h  
S i m i l a r l y ,  f o r  F -2PB, t h e  lower longerons go i n t o  tension, and t h e i r  
lengths are increased by Act. 
The longeron lengths a re  then given by 
Ru = R + A R u  = 11 ( 1 + -  E A ) '  'ct <F - 'B> 
and 
where we have used t h e  convent ion 
(Q) = 0 f o r  Q negative 
and 
(Q> = 1 f o r  Q p o s i t i v e  
A c t u a l l y ,  t h e  center  hinge on each longeron i s  preloaded t o  keep i t  
closed. This  w i l l  de lay  i t s  opening u n t i l  t h e  tens ion  gets great  enough t o  
overcome the  preload. Nevertheless, because t h e  two end hinges are on t h e  
member edge and are unpreloaded, they w i l l  tend t o  open, and e l a s t i c  bending 
7 
o f  t h e  longeron w i l l  cause a x i a l  displacement. The behavior  can be p red ic ted  
as f o l l o w s .  L e t  Mo be t h e  pre load moment f o r  t h e  cen te r  hinge, E 1  be t h e  
bending s t i f f n e s s  o f  t h e  longeron, and y be i t s  l a t e r a l  d e f l e c t i o n .  Then t h e  
equat ions governing t h e  bending can be w r i t t e n  i n  terms o f  t h e  compression P 
t o  be 
E1 y " "  t Py" = 0 
w i t h  boundary cond i t ions  a t  t h e  end h inge 
' y ( 0 )  = 0 
E1 y " ( 0 )  = Ps 
E 1  y ' " ( 0 )  + P y ' ( 0 )  = 0 
The boundary cond i t i on  a t  t he  center  hinge f o r  t ens ion  l e s s  than t h a t  r e q u i r e d  
t o  overcome the pre load i s  
y ' p )  = 0 
For l a r g e r  loading, t h e  boundary c o n d i t i o n  becomes 
E 1  yl'($) = -Mo - Ps 








































o r y = s  1 
M0R2 
for X2 (1 + sech i)  > 
where 
The increase i n  length due t o  th i s  combined jo in t  opening and bending f o r  
b o t h  half longerons i s  
Substituting f o r  the deflections gives 
X 
X 8 
1 sinh X - X - -  
2 X  cash 7 
2 1 sinh X + A  
- (g sinh2 5 I] 
where 
x M(f2 B = l + s e c h q - -  
EIsA2 
Note that the terms containing B should be neglected i f  B is negative. 
9 
These equations can be used t o  rep lace  Act i n  t h e  previous equations f o r  
k and kk. U 
The r e s u l t i n g  rad ius  o f  cu rva tu re  o f  t he  beam i s  
k R = V  3 D  7 
U 
The t i p  d e f l e c t i o n  o f  a beam o f  l eng th  L i s  g iven by 
S e t t i n g  L = nR and s u b s t i t u t i n g  f o r  R g ives 
where n i s  the number o f  bays. 
F igu re  2c shows t h e  t i p  d e f l e c t i o n  A t i p  as a f u n c t i o n  o f  t i p  bending 
moment M f o r  a h y p o t h e t i c a l  beam o f  10 bays. Beam p r o p e r t i e s  a r e  l i s t e d  i n  
Table 1. Because o f  E u l e r  b u c k l i n g  o f  t h e  longerons, app l i ed  moments are 
l i m i t e d  t o  t he  range 
- 2571 i n - l b  < M < 5143 i n - l b  
Load-def lect ion curves are shown f o r  unsprung midhinges and f o r  t h e  case where 
midhinges requ i re  1.25 i n - l b  f o r  opening. The added e f f e c t i v e  l i n e a r  range 









































2.3 EFFECT OF PURE TORSION 
I n  F igu re  3, a pure t o r s i o n a l  moment Mtors = 1 /2  FD i s  app l ied  t o  t h e  end 
o f  t h e  beam by loads F /3  a c t i n g  c i r c u m f e r e n t i a l l y  a t  each o f  t he  th ree  
corners.  Rota t iona l  symmetry i nd i ca tes  t h a t  t he  i n t e r n a l  load d i s t r i b u t i o n s  
a re  t h e  same a t  each corner.  A t  Point  Ib ,  
E x  = '6 end cos 30' - Tlb2a cos B cos 30' + cos 30' = 0 
Ey = -'El end s i n  30' - P B  end + TlbZa cos f3 s i n  30' 
cos f 3 +  s i n  30' = 0 
+ Tlb2c 
s i n  = 0 - >'z - 'lb2b - Tlb2a sin - Tlb2c 
No t ing  again t h a t  PB end = 112 PB and f3 = 45 degrees, we can reduce these 
equat ions t o  
'lb2b = PB 
This  load d i s t r i b u t i o n  continues unchanged down through the  s t ruc tu re .  
I t  i s  seen then t h a t  longeron compression i s  unaffected by pure to rs ion ,  w h i l e  
diagonal  tens ions are changed. I t  i s  noted t h a t ,  f o r  IF1  > 3/2 PB o r  IF11 > 
3/4 PBD = 750 i n - l b ,  h a l f  o f  t he  diagonals l o s e  tens ion.  Thus, f o r  t h e  beam 
descr ibed i n  Table 1, pure t o r s i o n  i s  l i m i t e d  t o  t h e  range 
-750 i n - l b  < Mtors < 7 5 0  i n - l b  
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2.4 EFFECT OF LATERAL END LOAD 
I n  F igure  4, a r a d i a l l y - d i r e c t e d  l o a d  F i s  app l i ed  a t  P o i n t  l a .  
i s  assumed about t h e  x-z plane. A t  P o i n t  l a ,  
Symmetry 
cos B cos 30' - 2PB end cos 30' + F = 0 cFx = 2Tla2b 
A t  P o i n t  l b ,  
s i n  = 0 Ez = 'lb2b - T lb2a sin - Tlb2c 
These equations reduce t o  
2F = p  - -  
B &  
= PB - 'lb2b - P lc2c  
A l a t e r a l  load  a t  t h e  t i p  i s  l i m i t e d  t o  t h e  range -fl PB < F < W  PB. 








































The longeron loads increase along t h e  beam, and a t  bay n, t h e  change i n  
compression f o r  t h e  tensioned longeron i s  - 2 / ~ 3  nF, and f o r  t h e  two compressed 
longerons i s  1 / ~ 3  nF. L i m i t i n g  t h e  t o t a l  compression i n  each longeron t o  the 
longeron Eu le r  l o a d  y i e l d s  t h e  al lowable range 
These l i m i t s  f o r  t he  p o i n t  design i n d i c a t e d  i n  Table 1 are i l l u s t r a t e d  i n  
F igu re  4. I t  i s  seen t h a t ,  f o r  more than seven bays, E u l e r  b u c k l i n g  o f  t h e  
longerons i n  the  base bay def ines the l a t e r a l  load l i m i t ;  f o r  l e s s  than seven 
bays , diagonal sl ackening occurs be fo re  E u l e r  buck1 i n g  f o r  loads d i r e c t e d  
toward the  beam. I n  the general case, longeron s t i f f n e s s  l i m i t s  l oad ing  i n  
l o n g  beams, w h i l e  ba t ten  s t i f f n e s s  (as i t  a f f e c t s  diagonal  pre load)  l i m i t s  
l o a d i n g  i n  s h o r t  beams. 
13 
SECTION 3 
DEPLOYMENT AND RETRACTION 
The deploynent and retraction mechanism (henceforth referred t o  as the 
"deployer") i s  i l lustrated i n  Figures 5 through 9. As indicated i n  Figure 5, 
the deployer is i t s e l f  deployable so t h a t ,  i n  the packaged condition, i t  has a 
m i n i m u m  height of either the stack height (for beams of 79 m or longer 
lengths) or abou t  2 .2  m ( for  shorter beams) which is 10 percent greater than 
one bay length. The deployer uses three lead screw drives shown i n  Figure 6 
t o  move the beam i n  and o u t .  In the f u l l y  packaged condition, each lead screw 
i s  threaded in  a stack of the open n u t  f i t t i n g s  which form part of the corner 
j o i n t  assemblies. The f i r s t  operation consists of rotating the lead screws 
u n t i l  the deployable por t ion  of the three columns locks i n  the extended 
position. A t  t h i s  time, the top f i t t i n g s  on the beam will be engaged w i t h  the 
bottom ends of the lead screws. The three lead screws are then moved inward 
i n  order t o  buckle the t o p  batten. For t h i s  t a s k ,  the bearing mounts t o  which 
the lead screws are attached are movable by wormgear drive. 
The deploynent sequence from th i s  p o i n t  on i s  continuous w i t h  the lead 
screws l i f t i n g  the mast and the longerons of the deploying bay u n f o l d i n g  while 
the diagonals extend telescopically. The batten frame which i s  being l i f t ed  
by the lead screw i s  i n  the compressed s ta te ;  that  i s ,  the battens are 
buckled. Before the next batten frame can thread i n t o  the lead screws, i t  
must a l so  be compressed. 
3.1 BATTEN COWRESS I ON 
Since t h e  natural batten s t a t e  i n  the deployed beam is compressed, i t  i s  
possible f o r  the beam i t s e l f  t o  perform this  function. The longeron 
m i d h i  nges, which are moment-generati ng ,  can drive each bay toward depl oynent 
and t h u s  compress the battens. I n  Section 2.1, i t  was shown tha t  the longeron 
preload is  equal t o  twice the end batten buckling load ( 5  = 2PB e n d ) .  I n  
Figure 10, t h e  bay geometry i s  shown just prior t o  batten compression when the 
upper batten frame is  compressed, the lower batten i s  s t r a igh t ,  the  diagonals 
are nominally tau t ,  and the longerons are  s t i l l  folded. Point A on the lower 







































b a t t e n  frame i s  a t  x = r + 6 ,  y = 0, and z = 0. 
a t  - r / 2 ,  , 6 / 2  r, s. 
Po in t  B on t h e  upper frame i s  
The d i s tance  between them i s  
Then, 
2 3 r  2 + t 2  = r2 + 3r6 + ti2 + i r2 + s 
2 2 2  = 3 r  + 3 r 6 + 6  + s  
o r  
2 s2 = t 2  - 3r6 - 6 
= (78.740)' - 3 ( y )  (0.1) COS 30' - (0.1 COS 30)' 
s = 78.665 i n .  
The longeron f o l d  angle i s  
-1 78.665 = 2 . 5 0 ~  
78.740 e = cos 
The r e q u i r e d  midhi  nge moment f o r  unassisted deployment i s  
M = 2pB s i n  e 
r e q  
= (78.74 in . )  (11 l b )  s i n  2.50' 
= 37.8 i n - l b  
15 
Such a moment i s  d i f f i c u l t  t o  achieve. A s p r i n g  along t h e  member 
c e n t e r l i n e  ac t i ng  about a hinge p i n  on t h e  member edge, must be loaded t o  
r e q  = = 151 37.8 i n - l b  
M 
- 
F req  - $ (0.5 i n . )  7 R  
i n  order  t o  produce t h i s  moment. A suggested hinge f o r  generat ing t h i s  moment 
i s  shown i n  F igu re  11. Note t h a t  a l i n k a g e  i s  used t o  produce a l a r g e  
amp1 i f  i cat  i on o f  s p r i  ng torque. 
3.2 WCHANISHS 
Only f u l l y  e rec ted  bays can be al lowed t o  e n t e r  t h e  l ead  screw. This  i s  
ensured by r e q u i r i n g  t h a t  each b a t t e n  frame pass through an escapement 
mechanism. The f o r c e  requ i red  f o r  passage would be s u f f i c i e n t  t o  prevent an 
undeployed bay from passing, b u t  n o t  so g rea t  t h a t  t h e  longeron precompression 
load i s  re l i eved .  I n  t h e  f u l l y - d e p l o y e d  beam, where b a t t e n  compression i s  
supported by tensioned diagonals above and below each batten, t h e  longeron 
pre load i s  11 pounds. Dur ing deployment, b a t t e n  commpressi on i s  supported 
o n l y  by diagonals i n  t h e  deployed bay above, so t h a t  t hey  a re  loaded a t  t w i c e  
t h e i r  operat ing preload. Theref ore, 1 ongeron pre load a t  t h e  depl oyer d u r i n g  
deployment i s  t w i c e  t h e  o p e r a t i n g  l e v e l ,  o r  22 pounds. 
The bottom o f  t h e  l ead  screws are tapered t o  guide t h e  open n u t  f i t t i n g s .  
A t  o the r  places along each lead  screw, gaps are necessary f o r  gear engagement, 
f o r  support,  and f o r  longeron f o l d i n g  d u r i n g  r e t r a c t i o n .  The t o p  end o f  each 
l e a d  screw i s  a lso tapered t o  a i d  r e t r a c t i o n .  
3.3 ANALYSIS 
3.3.1 Lead Screw Torque 
I n  F igu re  12, a s e c t i o n  o f  t h e  l ead  
corner f i t t i n g  t o  which members hinge. The 
a ramp of angle e = tan-’ (p/ZTrr ) on which 
t h e  nut :  
P 
screw i s  shown 
lead  screw can 
t h e  nu t  r i d e s .  
w i t h  t h e  open n u t  
be considered t o  be 







































o V e r t i c a l  load  L through longeron compression 
o 
o Normal f o r c e  N 
o F r i c t i o n  f o r c e  pN 
P 
Counter - ro ta t ing  f o r c e  F = 7 / r  
Ba lanc ing v e r t i c a l l y  and h o r i z o n t a l l y  y i e l d s  
N (cos e - p s i n e )  - L = 0 
F - N ( s i n e  + p  cose ) = 0 
E l i m i n a t i n g  N, 
For  a 1/2-10 s t a i n l e s s - s t e e l  acme-thread lead  screw a c t i n g  aga ins t  a 
n u t  s ta in less -s tee  
t a n 8  = P= -7 = 0.069 2nr 
P 
and 
P =  0.13 
so t h a t  
F - * 0.20 L 
The lead screw torque i s  
T =  F r  = 0.2 Lr 
P P 
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The v e r t i c a l  load F i s  l i m i t e d  t o  t h e  longeron Eu le r  b u c k l i n g  l oad  (see Table 
1): 
= 48.7 pounds Lmax 
Then t h e  l ead  screw maximum torque i s  
7 = (0.2) (48.7) (0.23) 
= 2.24 i n - l b  
3.3.2 Support Spacinq 
There are t w o  c r i t e r i a  f o r  determin ing l ead  screw support spacing: 
deformat ion due t o  s i d e  l oad  and w h i r l .  S ide l oad  i s  l i m i t e d  t o  
W = 2 PB cos 30’ = fl PB = 19.05 pounds 
Using a conservat ive approach which assunes t h a t  t h e  l ead  screw between 
support  p o i n t s  acts  as a s imply  supported beam, we f i n d  t h e  maximum cen te r  
d e f l e c t i o n  t o  be 
- w s3 - -  
Ymax 48 E 1  
where s i s  t h e  d i s tance  between supports and W i s  t h e  load. The lead  screw 
bending s t i f f n e s s  i s  
6 4 E1  = E $ r4 = (30 x 10 p s i )  (0.185 i n . )  
2 = 27,300 l b - i n  
























i s  made l e s s  than 0.1 cos 30' inch, so t h a t  t h e  bat tens remain If Ymax 
buck1 ed, 
48) ( 27,300) (0.0866) I s = [ (  19.05 
= 18.1 inches 
Four e q u a l l y  spaced supports a t  s = 15.75 inches separat ion,  r e s u l t s  i n  a 
maximum d e f l e c t i o n  o f  ymax = 0.058 so t h a t  t h e  ba t tens  indeed remain buckled. I 
3.3.3 Whirl 












f = 1.56 
ws 
The l i n e a r  weight of t h e  lead screw i s  
2 3 w = r r 2  (0.225 i n . )  (0.28 l b / i n  ) P 
= 0.0445 l b / i n  
Then t h e  n a t u r a l  frequency i s  
f = 97 Hz 
I n  o rder  t o  avoid s h a f t  w h i r l ,  t h e  r o t a t i o n a l  speed o f  t h e  lead screws must be 
l e s s  than t h i s  frequency. The corresponding maximum deployment r a t e  i s  9.7 
in/sec,  o r  one bay per 8.1 sec. 
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3.3.4 Deployment Load Analysis 
There are two conditions during deployment of a bay: 1) The compressed 
batten frame h e l d  by the lead screws has undeployed members below i t ,  and 2 )  a 
completely erected bay has formed below the battem frame held by the  lead 
screws. These cases are fundamentally different  in tha t  the load 
distributions below the batten frame in the lead screws differ .  The vertical  
loads on the lead screws are n o t  affected; in any case, they are determined by 
external ly  applied 1 oads. 
3.3.4.1 FIRST CASE 
I n  FigLre 13, the batten frame held by the lead screws has a f u l l y  
deployed beam above i t  and a par t ia l ly  deployed bay below i t .  The longerons 
and diagonals of t h i s  par t ia l ly  deployed bay are unloaded, and the lower 
batten frame i s  unbuckled. A t  point A ,  equilibrium o f  forces yields 
and 
Deployer loads are then the negative of those on the beam 
- fi 






























Limi t ing  condi t ions  a re  as  follows. For Fdepl , with bending moment or 
l a t e r a l  end load,  X 
or 
= IT PB - Tdl - Td2 
In e i ther  case ,  some diagonals  a re  s lack.  Then ,  
-19.05 l b  <Fdepl  c o  
X 
, with t o r s i o n ,  For Fdeply 
-6.74 l b  < Fdepl < 6.74 l b  
Y 
, w i t h  bending moment or l a t e r a l  end load,  
2 
For Fdepl 
-37.71 l b  < Fdepl < 75.42 l b  
2 
3.3.4.2 SECOND CASE 
A t  point  B of Figure 14, a f u l l y  deployed bay extends below. Equ i l ib r ium 
of f o r c e s  y i e l d s  
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Deployer loads  a r e  then 








Limi t ing  condi t ions  are as fo l lows .  
l a t e r a l  end load, 
For  Fdepl , w i t h  bending moment o r  
X 
Tdl - Td2 = 0; Td3 - Td4 = C P B  I 
o r  
'2 Fdepl I - 19.05 l b  
X 
For  Fdepl  , w i t h  t o r s i o n ,  
Y 
-6.74 l b  -f Fdepl  - 5.6.74 l b  
Y 
For Fdepl , with bending moment o r  l a t e r a l  end load ,  
2 





























T h u s ,  depending on external loading and on whether or n o t  a bay has 
deployed within the  deployer, radial  loads required of the deployer can be as 
high as 19.05 pounds inward or outward, circumferential loads can be 6.74 
pounds in e i the r  direct ion,  and vertical  loads can be as great as 37.71 pounds 
pushing up on a longeron or 75.42 pounds pulling on one. 
3.4 COST 
Costs of design and manufacture of an engineering model of t he  BAT Beam 
deployer/retractor may be estimated as follows. Thermal considerations 
concerning re la t ive  lengths of a s ingle  bay ( 2  m )  and of the lead screw 
d i c t a t e  t h a t  the  deployer should be s t a in l e s s  s teel  having a low coef f ic ien t  
of thermal expansion. T h e  level of e f f o r t  should be suf f ic ien t  f o r  a thorough 
understanding of deployment and retract ion,  short of the  special  requirements 
of actual f l i g h t  (redundancy, e t c . ) .  
This e f f o r t  includes: 
o Engineering f o r  stress and geanetrical analyses, thermal analysis,  
management of design, manufacturing, and assembly - 700 hours 
o Design for detailed drawings of approximately 20 components - 600 
hours 
o Manufacturing 60 par t s  - 500 hours 
o Assembly of three complete corner uni ts  with synchronizing hardware - 
400 hours 
o Material and purchased par t s  - $3000 
T h e  estimated cost  of t h i s  e f fo r t ,  including overhead and fees ,  i s  
approximat el y $150,000. 
For development and demonstration of BAT Beam deployment, an engineering 
model of the beam i t s e l f  must also be available.  I t  should s a t i s f y  a l l  
aspects of the BAT Beam concept i n  addition t o  interfacing with the deployer. 
In t h i s  respect,  the corner bodies need rnodificaticn t o  include the open n u t  
which threads into the lead screw, as shown in  Figure 9. 
This e f fo r t ,  t o  make an eight-bay model, would involve the same personnel 
as above and would cost  approximately $50,000. 
T h u s  t h i s  e f fo r t ,  f o r  a demonstration-level BAT Beam and deployer, would 
cos t  approximately $200,000 and would take approximately 8 months. 
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SECTION 4 
INFLUENCE OF JOINT IWERFECTIONS ON 
THE EFFECTIVE STIFFNESS OF A TRUSS E m E R  
Consider a properly designed b u t t  j o i n t  i n  which the two ends are  
supposed to  be i n  contact over the i r  en t i re  area. The jo in t  i s  assuned t o  be 
preloaded so t h a t  incremental tension forces do not p u t  the jo in t  i n t o  
tension. If the jo in t  is  perfectly made, i t  behaves as i f  the material were 
continuous through the j o i n t ;  there i s  no additional j o in t  compliance. 
I n  f a c t ,  imperfections of the j o i n t  are unavoi dab1 e. The imperfections 
will cause additional displacements as the mat ing  surfaces t r y  t o  adjust 
themselves t o  carry changes i n  loading. If the preload i s  great enough t o  
overcome the imperfections, then the j o i n t  can be made "perfect." Smaller 
amounts of preload will resu l t  i n  varying amounts of jo in t  compliance. The 
question t o  be investigated i s  how the preload is  related t o  the amount of 
imperfection and acceptable amount of j o in t  compliance. 
4.1 DOCEO ENDS 
Let the mismatch between the two surfaces be spherical. Then the well 
known work of Hertz can be used to  estimate the deflections. From Reference 
1, we get t h e  displacement A due t o  local deformation of the contact surface 
of two spheres of radius R pressed together w i t h  a force P 
Let the diameter of the j o  
will cause a gap o f  6 around 
n t  be d .  The sphericity of the mat 
the periphery equal to  
6 = -  d2 
4R 
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So lv ing  f o r  R and s u b s t i t u t i n g  gives 
1 / 3  
4 d = 2.09 (:) 
where 
P 
€ =  
i s  t h e  s t r a i n  i n  the s t r u t  away from the  contact  surface. 
‘ The dimensi on1 ess canpl i ance 
The t o t a l  compl iance o f  t he  s t r u t  
o f  t h e  j o i n t  i s  
o f  l eng th  R and the  j o i n t  i s  
a d d(A/d). c = - +  E s A ~  End2/4 de 
- -  II + 1.77 (6[d)1/3 
Ed E sAs 
This equat ion can be used t o  determine t h e  p r e s t r a i n  e (and, hence, t h e  
precanpression) t o  keep t h e  second term small enough. A s  an example, consider 
a s t r u t  b u i l t  o f  graphi te lepoxy tub ing  w i t h  t i t a n i u n  ends. L e t  t h e  tub ing  
have a w a l l  th ickness o f  0.06 i nch  and l e t  t h e  the  t u b i n g  and t h e  j o i n t  have a 
d i m e t e r  of 0.5 inch. L e t  t h e  length R be 39.37 inches. L e t  E = 17 x lo6 ps i  
and E, = 15 x 10 ps i .  Then, 6 
1 /3 
C = 31.6 x loe6 + 0.208 x i n / l b  
I f  we want t o  l i m i t  the  j o i n t  compliance t o  5 percent o f  t he  s t r u t  compliance, 
then the  p r e s t r a i n  must be grea ter  than 
e = 2.29 x 6/d 
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Let 6 / d  = 0.001 inch. T h e n ,  
E = 2.29 microinches/inch 
The corres pondi ng requi red prel oad i s 
P = 7.64 pounds 
The accuracy of the foregoing analysis  i s  best when the contact 
i s  small in comparison t o  the  strut  diameter. The contact diameter 
f r p  Reference 1 t o  be 
di m e t e r  
i s  found 
dcon = 1.762 (p)l/3 
Subst i tut ing f o r  P and R gives 
- -  dcon - 1.024 (&)l/3 
d 
For the values in  the present exmple  
- -  dcon - 0.107 d 
which i s  small enough.  
4.2 WAVY-EDED TUBES 
I f  the graphite composite tubes a re  butted together,  the p o s s i b i l i t y  i s  
t h a t  the  edges mismatch in a sinusoidal fashion. Inasmuch as the tubes a r e  
usually composed mostly of longitudinal f i b e r ,  the  behavior can be 
approximated by means of shear-lag theory. T h u s ,  l e t  x be the distance around 
the  circumference and y be the axial  coordinate. The axial deflection v(x,y) 








































where E c  and G c  are Young's modulus and shear modulus of the composite. 
Let the edge mismatch be 
6 ( x )  = 4 (l - cos F) 
where 6 i s  the maximun gap  and A is the wavelength. 
The solution i s  periodic i n  x w i t h  period A. A t  the edge, y = 0, we have 
mixed boundary conditions. In the internal -x/2 c x c x /2 ,  the conditions are 
Note that symmetry o f  deformations i n  the upper and lower tubes i s  taken i n t o  




Then the boundary value problem i n  the f i e l d  lx l l  c x1/2, p 0  can be written 
2 v v  = 0 
where on the boundary, 
a v = o  
a n  
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e l  sewhere. 
We map the  s l i t  a t  y = 0, lxll < bA1 onto a u n i t  c i r c l e  i n  the  w plane by 
t h e  conf o m a l  mapping 
ITZ s i n  n b  ( w  + $ ) = 2 s i n  - 
A 1  
where 
z = x1 + i y  
L e t  
i e  On t h e  u n i t  c i r c l e ,  w = e 
IT x1 s i n  n b  cos e = s i n  -
A 1  
I 
Also ,  t h e  boundary c o n d i t i o n  on t h e  s l i t  becomes 
2 2 Re[@(z)] = - !$ s i n  ITb cos e 
Th is  requirement i s  s a t i s f i e d  i f  
Since the t rans format ion  i s  s ingu la r  a t  w = +1, t h e  d e r i v a t i v e  d @ l l d w  must 
be zero the re  t o  avo id  i n f i n i t e  s t resses a t  t h e  edges o f  t h e  s l i t .  The 
constant  A i s  se lec ted  accord ing ly  t o  g ive  








































sin n b  
Subs t i t u t  i n g  g i  ves 
2 sinh "inh - [ s in  nb  sin nb v(0,y) $ sin nb  
L 
sin2 nb  
- kn 
J 
Expanding in a se r ies  f o r  large y gives 
v(0,y) 9 s in  2 v b  [- 1 - I!,)! - an (L)] s in  .rrb A1 
Therefore, the compressive s t ra in  away frun the edge i s  
2 8 = + -  TI& s in a b  
2 A 1  
and the jo in t  d splacement of the combined upper  and lower s t ru t s  i s  
Let n be the nunber o f  fu l l  waves around the tube .  Then 





The dimensionless compliance i s  
, Including the compliance of the strut of length II, the  total  compliance 
i s  
R d d(A/d)  c = - +  
dE EsAs s s 
Consider Ec/G,  = 10, n = 2, and 6 = 0.001 in f o r  the same strut as before. 
The result ing required prestrain fo r  the j o i n t  compliance t o  be limited t o  5 
percent i s  
E: = 52.4 x 
The corresponding preload i s  
P = 74 
The  por t  
1 pounds 
on o f  the circumference of the tube in  contact i s  
For the present example, 







































Of course, i f  E i s  great enough, the en t i re  circumference i s  i n  contact and  
the j o i  n t  compl i ance becomes zero. 
4.3 ANGULAR MISAL I G N E N T  
A t h i r d  type of j o i n t  imperfection arises from the tendency of a hinged 
j o i n t  not  t o  close on f u l l  deployment. The j o i n t  preload i s  then needed t o  
cause the s t ru t s  t o  bend enough t o  close the gap .  
Let a be the angular misalignment w i t h o u t  preload. Then the preload 
moment required t o  close the gap  i s  
- 2 E1 a 
‘ M o - r  
where R i s  the length of the s t ru ts  on each s ide of the jo in t  and E1 is the 
bending s t i f fness .  The other ends of the s t ru t s  are assmed to be clmped. 
Assune that the s t r u t s  are tubular and that the preload moment is 
produced by a load a t  the center of the tube close t o  the j o i n t .  The 
prestrain produced by the preload necessary t o  close the j o i n t  i s  
E = -  
;% a 
As an example, l e t  the values of d and R be assuned as i n  the previous 
cases and l e t  the gap be 0.001 inch (a = 0.002 rad).  Then 
E: = 12.7 x 
This  value i s  smaller than the one obtained for  the wavy edge w i t h  the same 
maximum gap. I f  the s t rg t s  were less sler?der, the values would be nearer and 
the interaction between strut bending and end distortion would be important. 
This can be readily accomplished by set t ing n = 1 i n  the wavy-edge analysis 
and l e t t i ng  
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Before t h e  joint  i s  f u l l y  closed, the additional compliance due t o  the 
s t r u t ' s  bending needs t o  be included. The u n i t  shortening due t o  t h i s  e f fec t  
is 
If  beam columning i s  
0 
gnored, the resul t  i s  
Ab - -  - €(. + x € $) 
I 
T h u s  the additional compliance i s  at  l eas t  50 percent of the nominal value. 
The conclusion i s  that  the preload must be enough to  close the gap.  Including 
the e f fec ts  of end dis tor t ion,  the cr i ter ion becomes 
I- 
2 1  € =  + €  
C 
C Y -  d 
Thus the required preload i s  
4.4 COMPLIANCE OF A CENTERED-HINGE JOINT 
I 
Consider a simple hinge joint  i n  which the axial loads are carried from 
one s t r u t  t o  another through a hinge p i n  i n  shear as shown i n  Figure 15. 
The jo in t  i s  designed to  be synmetrical for  ease i n  this preliminary 
analysis. Of course, actual j o in t s  tend to be asymnetrical. Note tha t  we 
have assumed certain of the dimensions to  be related to  the outer diameter d 
of the tube. Variations i n  the jo in t  include the  p i n  diameter do, the edge 



































The t o t a l  j o i n t  compliance i s  est imated t o  be the  sum o f  t h e  f o l l o w i n g  
sources : 
1. The reduced ne t  cross sect ion over t h e  l eng th  d 
2. The bear ing o f  t he  p i n  i n t o  each h a l f  ( i f  t h e  j o i n t  i s  i n  compression) 
3. The s t r e t c h i n g  of the  edge i n  each h a l f  ( i f  t h e  j o i n t  i s  i n  tens ion)  
4. The bending o f  t h e  p i n  
The ef fects  o f  coupl ing between these sources are ignored. The r e s u l t s  
should y i e l d  h igher  compliances than are a c t u a l l y  the  case. 
Each source i s  considered separately.  
4.4.1 Reduced Net Section 
The sec t ion  i s  reduced b y  l e s s  than h a l f .  
o r i g i n a l .  Then, inasmuch as t h e  length  i s  d, 
Assune t h a t  i t  i s  h a l f  o f  t he  
- 8 
- ndE 
4.4.2 Bear ing Displacement 
Assume t h a t  t he  p i n  ac ts  as a r i g i d  punch o f  w id th  do. Then, f o r  smooth 
contact ,  Milne-Thompson (Ref. 2, p. 99) g ives t h e  complex s t ress  t o  be 
P 1 w ( z )  = - - 
nJ- 
where P i s  t h e  load per  u n i t  leng th  on the  punch. The i n t e g r a l  i s  
p - I & = -  
n G ( z )  = - e  s i n  
The complex displacement i s  
On t h e  y ax is ,  z = i y  
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P 1 w(z)  = - - y m  I f '  
The  d i s p l a c e m e n t  i n  t h e  y d i r e c t i o n  i s  
v = 46: ( x +  1) P gn 
S i n c e  v = 0 a t  y = 0, a n  estimate o f  t h e  c o m p l i a n c e  i n  b e a r i n g  c a n  b e  o b t a i n e d  
b y  s e t t i n g  y e q u a l  t o  t h e  l e n g t h  d / 2  o f  t h e  t a n g .  T h u s ,  since x = (3-v)/(l+v) 
G = E/2( l+v) ,  a n d  t h e  w i d t h  o f  t h e  t a n g  i s  d / 2 ,  
4.4.3 E d g e  Stretchinq 
t h i c k n e s s  t. The  t e n s i o n  i n  t h e  band wou ld  b e  T/2 .  
Assune t h e  e d g e  t o  b e  a band  o f  l e n g t h  a ( d o + t ) ,  w i d t h  d / 2 ,  a n d  
T h e  s t r a i n  e n e r g y  i s  
2E d t / 2  
T h e  work d o n e  b y  t h e  a p p l i e d  l o a d  d u r i n g  t h e  d i s p l a c e  6 is T6/2 .  T h u s ,  t h e  
c o m p l i a n c e  i s  
do + t 








































4.4.4 Pin Bending 
Consider the  p i n  t o  be loaded as shown i n  t h e  f o l l o w i n g  sketch. 
L e t  . the  compliance be est imated as the d i f f e r e n t i a l  d e f l e c t i o n  o f  t h e  centers  
o f  t h e  loaded areas. The displacement can be found by  assuming t h e  p i n  t o  be 




The d e f l e c t i o n  i s  ( f rom Ref. 1, p .  98) 
2P (3d/8)3 P d (3d/8)' 
'816 2EI + -  
2P 3 
Y =  - % d 1 24EI t r ( l o ) d  8 8 + dm (F) 8 3EI 
- Pd3 - EI (-0.000407 + 0.004944 + 0.004394 + 0.00055) 
Pd3 
E 1  = 0.0103 -
Theref ore, t he  compl i ance i s 
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4 1 C 4  = 0.659 (k) 
P 
where E i s  the pin-material modulus. Note that  t h i s  estimate i s  probably 
very conservative. 
P 
4.4.5 Nunerical Example 
6 6 psi ,  and E p  = 29 x 10 Let d = 0.5 inch, t = d o  = 0.1 inch, E = 1 7  x 10 
psi. T h e n  we get 
. C1 = 0.300 x in/ lb  
= 0.444 x l om6  in/ lb  c2 
C3 = 0.370 x in/lb 
C4 = 9.04 x in/ lb  
Clearly, t h e  pin bending dominates the estimates. 
Note t h a t  the Compliance of a 1-m-long tube i s  31.6 x loe6 in/lb.  I f  we 
wanted each half j o i n t  t o  add only 5 percent, then the total  j o i n t  compliance 
would have t o  be reduced t o  3.2 x in/lb. This could be accomplished by 
using a larger pin. 
4.5 COWARISoN OF JOINT COWLIANCES 
The joint compliances estimated herein are compared in Figure 16. The 
resul ts  are  shown in nondimensional form with the nominal extensional 
s t i f fness  of the jo in t  parent material and the diameter used as dimensions of 
force and length, respectively. 
The resul ts  for  domed ends (dashed l i nes )  and those f o r  wavy tube ends 
(sol id  l ines)  a r e  plottedversus the  preload s t ra in  fo r  three values of the 
imperfection parameter 6/d r a n g i n g  from 10-4 ( h i g h )  precision t o  lo-* ( rough) .  
Note tha t  t h e  curves f o r  wavy ends are c u t  off a t  the preload necessary t o  








































A l s o  shown i n  F i g u r e  16 i s  the compliance o f  t h e  centered h inge j o i n t  f o r  
t h r e e  va lues  o f  p i n  diameter.  The m a t e r i a l  p r o p e r t i e s  assumed are  t h e  same as 
those i n  t h e  preceding sec t ion ,  and t h e  edge t h i c k n e s s  i s  equal t o  t h e  p i n  
d i  m e t e r .  
The comparisons show t h a t  l e t t i n g  t h e  tube ends b u t t  together  g ives  t h e  
l e a s t  compliance o f  a l l  designs, p rov ided s u f f i c i e n t l y  h igh  pre loads a r e  
a p p l i e d  t o  remove any j o i n t  t i l t . They a l s o  show t h a t  t h e  centered h inge 
j o i n t  i s  p o t e n t i a l l y  o f  low compliance f o r  p i n  d i a n e t e r s  g r e a t e r  than about 30 
percent  o f  t h e  s t r u t  d iameter.  
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SECTION 5 
STRUCTURAL ASSESSMENT AND SUMMARY 
I t  i s  recomnended t h a t  the BAT Beam be used i n  l i g h t  load  applications; 
t h a t  i s ,  where there i s  no relieving of longeron compressure or d i a g o n a l  
t ens i l e  preload. I n  t h i s  restricted-loading region, beam properties are  
highly favorable i n  terms of s t i f fness ,  because of the elimination of 
"deadband" by preloading. The member properties must be specified according 
t o  beam requirements, as differing load configurations have differing and i n  
some cases exclusive effects  on the members. For instance, i t  was shown 
previously t h a t  torsional loads do  not affect  longeron l o a d i n g ,  and diagonal 
l o a d i n g  i s  n o t  affected by bending moment. 
5.1 LONGERONS 
The longerons, because they are simply hinged by parallel  pins, a re  n o t  
strained when packaged or d u r i n g  deployment and can then be constructed as 
s t i f f  or desired for  beam s t i f fness .  I t  is recommended, however, tha t  
midhinges be o f  t h e  type introduced i n  Section 3.1 and that  the longeron ends 
are also preloaded. The midhinges have two purposes: 1) aid i n  deployment, 
so that  batten compressionn is  accomplished by longeron unfolding, and 2 )  
extend f u l l  s t i f fness  range, so t h a t  relieving longeron preload does n o t  
lengthen the member. Preloading the end hinges, which are off the member 
centerline,  also extends f u l l  s t i f fness  into the region where longeron 
compressive prel oad is  re1 ieved. 
Without end preloading, such longeron tension reacted by the  o f f - ax i s  p i n  
causes member bending which lengthens the member. 
5.2 DIAGONALS 
The diagonals of the BAT Beam are necessarily i n  pairs ( two per face per 
bay) and are i n  tension. For packaging, they are designed t o  telescope. Non- 
t e l  escopi ng d i  agonal s woul d e i ther  protrude from the package or interfere  w i  t h  








































h i n g i n g  c l u s t e r  i s  requ i red  where the diagonals i n t e r s e c t .  The problem which 
may a r i s e  here i s  diagonal lockup dur ing beam r e t r a c t i o n ,  unless some means i s  
prov ided t o  ma in ta in  synchronizat ion o f  the  re - te lescop ing  diagonals.  
5.3 BATTENS 
The purpose o f  t h e  battens i s  t o  pre load the  beam. Lesser o r  g rea ter  
values o f  pre load are  obta ined by changing t h e  ba t ten  s t i f f n e s s ,  e i t h e r  by 
changing i t s  cross sec t ion  o r  mater ia l .  I n  t h e  example beam o f  Table 1, t h e  
ba t ten  m a t e r i a l  i s  f iberg lass/epoxy w h i l e  t h e  remainder o f  t h e  beam i s  
graphi te lepoxy.  This mater ia l  d i f f e rence  may n o t  be adivsable i n  terms o f  
thermal s t a b i l i t y .  
Increased pre load due t o  increased ba t ten  s t i f f n e s s  a lso  r e s u l t s  i n  a 
g rea ter  requ i red  longeron midhinge moment i n  order  t o  deploy t h e  beam. 
5.4 SUMMARY AND CONCLUSIONS 
The BAT Beam i s  expected t o  be o f  h igh  s t i f f n e s s  under load ing  condi tons 
which do no t  r e l i e v e  the  preload. Use o f  preloaded hinges a t  a l l  l oca t i ons  of 
longeron f o l d i n g  w i l l  extend the reg ion o f  high-bending s t i f f n e s s .  Tors iona l  
s t i f f n e s s  i s  l i m i t e d  i n  range by diagonal preload, and can be extended b y  
inc reas ing  the  ba t ten  s t i f f n e s s .  
Special  requirements which should be noted about t h e  beam are 1) t h a t  t h e  
t i p  bat tens must be of h a l f - s t i f f n e s s  f o r  p roper l y  d i s t r i b u t e d  preload, and 2)  
t h a t  the  longeron midhinges must generate a moment s u f f i c i e n t  t o  deploy a bay. 
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Outside diameter (in. ) 
Wall (in.) 
Area (in ) 2 
EA (lb) 
I (in 





Deformation amplitude (in.) 
End shortening (in. ) 
TABLE 1. WGGTBS AND PROPERTIES 
LONGERON 
15 x l o 6  
0.500 
0.060 
0 .083  
1 .245  x l o 6  
2 .04  





5 x lo6 15 x lo6 
See Fig. 1 0.270 
See Fig. 1 0.030 
0.138 0.023 
6 .88  x l o 5  3.45  lo5 
1 .38  
3 6 . 9 1  x 1 0  
11 .0  
78 .74  
2.54 


































































3 M = B D F  




1 ongeron  
M o y  i n - l b  = buck led  
4000 
Appl i e d  moment 
M y  i n - l b  
2000 
1 ongeron  
buck1 e d  I- -4000 
C .  
Figure 2.  Pure bending moment. 
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Figure 10. Bay geometry just prior to batten compression. 1 5 1 A  
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ORIGIN& PAGE R5 
OF POOR QUALITY 
a. Folded PO71 
b. P a r t i a l l y  opened PO72 








































c. Nearly open PO73 
d. Open PO74 
Figure 11. (concluded). 
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Figure  12.  L e a d  screw torque.  
L e a d  screw 













































































I .  























































1. Report NO. 
NASA CR-172461 
2. Government Accession No. 3. Recipient's Catalog No. 
4. Title and Subtitle 
Batten Augmented Triangular Beam 
7. Author(s) 
Louis R. Adams and John M. Hedgepeth 
, 
9. Performing Organization Name and Address 
12. SpoMoring Agency Name and Address 
National Aeronautics and Space Administration 
Langley Research Center 
5. Report Date 
6. Performing Organization Coda 
February 1986 
8. Performing OrFnization Report No. 
AAC-TN-1130, Rev. A 
10. Work Unit No. 
I Contractor report 
Astro Aerospace Corporation 
6384 Via Real 
Carpinteria, CA 93013-2993 
, 
I 14. Sponsoring Agency Code 
b 
11. Contract or Grant No. 
NAS1-17536 
13. Type of Report and Period Covered 
ton E VirPinia 23665 1 
15. Supplemntary Nota 
Langley technical monitor: Marvin D. Rhodes 
Final report 
9. Security aaoif. (of this report] 20. Security Classif. (of this pago) 
Unclassified Unclassified 
16. Abstract 
21. No. of Pager 
5 8  
22. Rice 
The BAT (Batten-Augmented Triangular) BEAM is characterized by battens which 
are buckled in the deployed state, thus preloading the truss. 
distribution is determined, and the effects of various external loading con- 
ditions are investigated. 
and loads are predicted. 
member stiffness is investigated. 
The preload 
The conceptual design of a deployer is described 
The influence of joint imperfections on effective 
The beam is assessed structurally. 






18. Distribution Statement 
Unclassified-Unlimited 
c ' c \ T .  ;L7 
